A general method for producing low-fouling biomaterials on any surface by surface-initiated grafting of polymer brushes is presented. Our procedure uses radiofrequency glow discharge thin film deposition followed by macro-initiator coupling and then surface-initiated atom transfer radical polymerization (SI-ATRP) to prepare neutral polymer brushes on planar substrates. Coatings were produced on substrates with variable interfacial composition and mechanical properties such as hard inorganic/metal substrates (silicon and gold) or flexible (perfluorinated poly(ethylene-co-propylene) film) and rigid (microtitre plates) polymeric materials. First, surfaces were functionalized via deposition of an allylamine plasma polymer thin film followed by covalent coupling of a macro-initiator composed partly of ATRP initiator groups. Successful grafting of a hydrophilic polymer layer was achieved by SI-ATRP of N,N 0 -dimethylacrylamide in aqueous media at room temperature. We exemplified how this method could be used to create surface coatings with significantly reduced protein adsorption on different material substrates. Protein binding experiments using labelled human serum albumin on grafted materials resulted in quantitative evidence for low-fouling compared to control surfaces. Crown
Introduction
Surface-initiated atom transfer radical polymerization (SI-ATRP) has great potential for beneficially altering the surface properties of materials [1] [2] [3] [4] . This is particularly important for new biomedical materials, which are chosen for their suitable bulk material properties but often require modification of their surface properties. Along with other controlled/living radical polymerization techniques, SI-ATRP can decorate a surface with dense polymer brush layers with substantially different physical and chemical properties to the bulk material and can be easily tailored by the use of different monomers to generate homopolymers, statistical copolymers or block copolymers [1, 5, 6] . SI-ATRP has shown wide applicability on a variety of substrates, including silicon [7] [8] [9] [10] [11] [12] [13] Particularly for biomaterials today there is a need for a new class of materials having surface coatings providing some form or function but which are grafted from a host of different bulk materials. For example, in the case where surface coatings are designed to resist adsorption of biomolecules on medical implants, one may wish to have the same effective protein-resistant coating on a hard surface as on a flexible, polymeric one [51] . In other words, because of the great variety of surface chemistries associated with different biomaterials, there is a necessity to develop a cross-platform, substrate-independent grafting protocol for surface modification. Most materials grafted by SI-ATRP rely in some way upon initiator immobilization through thiol or silane linkages because gold and silicon are typical model substrates. However, deposition methods are more ideally geared toward developing a platform technology for coating many types of materials with ATRP initiators. Some notable examples include the investigation by Jiang et al. using vapor deposition of an initiator [52] . Also, Teare et al. have investigated a substrate-independent grafting methodology using a pulsed plasma 1742-7061/$ -see front matter Crown Copyright Ó 2011 Published by Elsevier Ltd. on behalf of Acta Materialia Inc. All rights reserved. doi:10.1016/j.actbio.2011.10.006
